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ABSTRACT.——Numerous accountsin the literature demonstrate
that the effects of fire on North American pines are highly
variable. In somecasestrees with severecrown scorch survive
and grow more rapidly, while in other cases extensive mortality
results. Three of the most important factors affecting a
tree’s response to tire are the timing of defoliation, level of
defoliation, and speciesdifferences in bud development, An
ongoing field study designedto assessthe importanceof
defoliation level and timing upon southernpine survival and
growth is described,

INTRODUCTI~

The literature containsnumerousaccountsof
fire and its effects on tb. pine forests of North
America. This extensivedata basespansa period
of more than 100 yearsand ranges from simple
recollections to replicated laboratory studies.
The full range of plant responsesto all but the
most intense fires can be found. Differing
responses to fire are caused by a host of
factors, many of which are mentioned in Wade and
Johansen(1986). We speculate that three of the
most iqortant factors affecting survival and
subsequentgrowth are the timing of defoliation,
level of defoliation, and species differences in
bud development. These factors are discussed in
this paper, In addition, an ongoing field study
designedto assessthe importanceof defoliation
upon southernpine survival and growth is
outlined, Growth differences 3 months after
defoliation and visual impressions6 monthsafter
defoliation are described,

BACKGROUND

Plant tissue is killed when its lethal
time—temperature combination is reached. A
commonly acceptedtemperat~refor near—
instantaneousdeath is 1~0 F (Byran~ 19148).
Temperaturesof 1150F will also kill plant
cells if they are sustained for several hours
according to work reviewedby Hare (1961) and
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McArthur (1980), but prescribedburns are not
likely to elevate temperaturesfor that long a
period, Yellow to bronse foliage immediately
after a fire is a sure ±mdioator that a lethal
heat dose was applied; the discolored needles
are in fact dead. Charred or partially consumed
needles indicate thai the ignition temperatureof
cellulose (about 1450 F) was reached. These
mortality and ignition thresholds are
increasingly likely to be met as the ambient air
temperatureincreases. Summer fires ogten occur
when ambient temperatures are 30 to 60 F higher
than thoseassociatedwith winter fires.
Moreover, temperaturesof the uppertree croim.s
can be higher than the surrpun4ingair due to
solar heating, Thus, little additional beat is
required to raise needlesto their lethal
temperaturethreshold during suiner burns,

Even with cool winter temperatures,southern
pines can suffer completecrown scorch, but they
also routinely survive provided they are larger
than about 2 inches d.b.h, and no foliage is
actually consumed. Crown damagefrom fires
during the growing seasonis generally more
severe, and its consequencesare more serious,
We believe this differential survival between
seasonsis primarily a function of bud—kill.
When bud—kill is combined with defoliation, a
much more life-threatening situation exists.
Crown scorch doesnot automatically signify
bud—kill in the four major southern pine species
because the buds of these species, especially
longleaf (Pinus valustris Mill,), are thicker
than the needles. Because the rate of U

temperature rise is inversely proportional to
thickness, either higher temperaturesor lower
sustained temperaturea are necessary to kill the
buds of such species. There are no obvious signs
to enable an observer on the ground to
differentiate between completely scorchedtrees
with and without bud damage if needles have not
been consumed.
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For specieswith needlesat lasat .qual to
their buds in thickness, ero,m search Is a
reliable indicator of crown kill. Thesespecies
also tend to have fine branchesmbich are easily
heat—killed, even though the branch tips may
temporarily survive becausethe needle clusters
form a protective sheath e.rcund them. tegardlesa
of the protective mechanism,a giwen tree La mach
more likely to suffer crown damage during a
Burner fire becauseof higher ambient
temperatures.

BUD DEVELOPMENT AND TIMING OF DEFOLIATION

Most northern temperategone pines have
preformed buds. That is, their winter buds
oontain all the unexpandedshoots for the
following season’s growth. These species are
thus confined to a single growth flush each
year, After dormancyis broken in the spring,
the shoots elongate fairly rapidly (1 to 2
months) and then form next yes.r’s buds,

The four major southernpine species, on the
other hand, undergomultiple flushes because
their winter buds do not contain all the shoot
primordia for the following growing season,When
dormancy is broken in the spring, the terminal
bud expandsinto a shoot and a second bud forms
at the apex of the shoot. That bud elongates to
extend the initial shoot, and another bud is
formed. Southernpines generally undergothree
to four flushes during the growing season
although as many as seven havebeenrecorded in
the literature (Wakeley and Marrero 1958).
Depending upon species and environmental
conditions, the buds that form after the first
flush may open immediately upon formation or
after varying periods of time (Romberger 1963).
Defoliation, especially early in the growing
season, has been shown to stimulate the rapid
openingof buds regardlessof whether the species
has preformedbuds or is multinodal. Later in
the summer, however, defoliation will not elicit
the sameresponse——apparentlydue to a shortening
of the photoperiod, so the defoliated tree
remains nakeduntil tbe following spring.

Complete defoliation of any evergreenhas
dire consequenceswith damagea function of the
length of time the tree is without foliage, It
has beendemonstratedthat root systemrecovery
after defoliation is directly related to the
length of time the treesare defoliated,
Koslowaki (1971) presentsa synopsisof the
evidencethat shows root growth is governed by
the supply of photosynthetic productsand growth-
regulating hormonesfrom the crown. The
reduction in live root mass following severe
insect defoliation is well donumented(Swain and
Craighead19214, Redmond 1959, Gregory and Wargo
1986). However., publiabeddata relating fire
defoliation to ~rovth responsesand mortality

are, at first glance, without pattern and in some
instances appear to be ocatradietory. Separation
of this literature by season of defoliation and
bud development markedly clarifies the picture,
In species with preset buds, complete defoliation
any time during the growing seasonwill result in
death (e.g. Craighead 19140, 0’Neil 1962, Methyan
¶971), while in the UI1tIJIO4S1 southern pines,
the damage is most severe following defoliation
late in the growing season(Allen 1960, Beal
19142, Bruce 1956, Wade and Ward 1975).

FIELD STUDY

In an attempt to determine the importance of
season and level of defoliation and to assess the
magnitudeand duration of any growth responsesin
southernpine, we installed a defoliation study
in 14—year—old loblolly pine (P. teeda L.) and
slash pine (P. elliottii &~gelm.) plantations. A
factorial experiment (14x5) with a randommixed
block designwas establishedat ~, locations (2
per species), Fifteen blocks were used at each
location. Oce of five levels of defoliation (0,
33, 66, 95, or 100 peroent) and one of four
seasons of defoliation (January, April, July, or
October) were assignedto each of 20 trees within
a block. Needleswere hand removedduring the
first 2 weeks of each treatment month.

Pretreatment d.b.h. and height were measured
on all 1200 trees during the 1985—86 dormant
season. The April, July, and Octoberdefoliation
took place as scheduled. While applying the
October treatments, we formed several visual
impressions regarding the trees defoliated
earlier in the growing season. Those trees
defoliated 6 months previously (April) had all
refoliated, undergoneseveral flusheN, and looked
healthy. The trees defoliated in July, on the
other hand, had all refoliated b~ft had not
undergone as many post—defoliation flushes and,
thus, had sparser crowns, In many instances the
needleson the July trees also appearedto be
somewhatchlorotic.

Heights and d,b.h.’s of the trees defoliated
in April were remeasured in July. Growth
differences between defoliation levels are
striking (Table 1). Three—monthdiametergrowth
was commensurate with the level of defoliatidn,
Diameter growth of the completely defoliated
trees was 314 and 36 percent of the non—defoliated
trees for loblolly and slash pine, respectively.
The same general trend was found in height
growth, though species differences were greater——
62 percent in slash pine and 145 percent in
loblolly pine. In three of the four locations,
trees that had the lower 33 percent of their
crowns removed outgrew the controls in height
during the first half of the growing season. All
trees are scheduled for remeasurement during the
1986—87 and 1987—88 dormant seasons.
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Table I .—Thre.—meath growth responses of southern pine subjected to five
levels of dqfoliation during early April 1986.

.1
4 DEE

Loostion .1 PercentDefoliation
0 33 66 95 100

Height
Percent Defoliation

0 33 66 95 100

Slash pine
GAFor.Coina.IIOO 100 73 143 1461100 99 85 79 63
WaycroSs, GA

Slash pine
Union Camp Corp.

Palatka, FL
100 82 1414 35 26 100 100 99 67 61

Loblolly pine
Int, PaperCo.

Bainbridge, GA
100 79 70 147 314 100 100 914 67 53

Loblolly pine
Westvaco Corp.

Branchville, SC
100 82 65 140 32 100 102 77 59 38

1Expreas.d as a percentageof the growth of trees with no defoliation.

SW4ARY -

All study trees, including those completely
defoliated at the beginning of the growing season
or halfway through the season, had refoliated and
were alive as of early October. However, both
diameter and height growth had been severely
retarded, especially with the more severelevels
of defoliation, At this time we can only
speculate on future growth losses or mortality,
although some of the July defoliated trees show
signs of traumain the form of yellowing in the
new—growth needles. When the full impact of
these crown damage treatments has been assessed,
the results will have obvious implications in the
scheduling of prescribed fire as well as in
interpreting literature reports on ‘fire
treatment’ used to measurefire effects.
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